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ORG^iOPOLySIl^XM^C^^^ 

[OOOl] The present InvenLion relates t.o 

organopolysiloxane compositions and in particular to a 
method Of producing such composit i ons - 

[O002] Organopolysiloxane composiLions which cure to 
elastoxaerlc .olid. are v,ell known. Typically such 

compositions are obtained by n^ixing a polydiorqanosiloxane 
havinq reactive terminal groups, generally siianol groups, 
with an orqanosiiane cross-linking agent for the 
polydiorganosiloxanc, for example an alkoxy silane, an 
acetoxy silane, an oximo silane,' alkenyloxy silane or an 
amino silane. These materials are frequently curable upon 
exposure to atmospheric moisture. at room temperature. 
15 [0003] one important application of the above-descrxbed 
curable compositions is their use as sealants in which there 
is formed an elastomer! c mass between surfaces which is 
adherent to at least two such surfaces. One important 
requirement of such materials is the ability to adhere well 
20 to a variety ol substrates and it is a normal practice to 
include so called adhesion promoters in such compositions. 
The use of plastics in various industries, particularly the 
construction industry, is increasing. This is especially 
true lor plastics such as polyvinyl chloride (PVC), used for 
window frames, polymethylmethacrylate (PMMA) , used tor 
bathtxab and bathroom accessories, and polycarbonate (PC) 
such as Lexan, used as transparent sheeting material or for 
the manufacture of safety glass laminates and insulating 
glass units. Other substrates to which the sealant xs 
expected to adhere are, for example, pol yvinylidene fluoride 
or polyesters which tend to be used to coat metal surfaces. 
[0004) Fillers used In these compositions may be divided 

into two types, reinforcing fillers and extending fillers. 
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Reinforcing fillers are typically surface active in that 
they contain reactive groups on their outer surface which 
may react with other components in organopolysiloxane 
compositions. Examples of reinforcing fillers include luned 
5 silica, calcined silica, precipitated silica, titania, zinc 
oxide, clay and inica all oi" which are used for the purpose 
of imparting mechanical strength to the cured products. The 
reinforcing fillers may be surface treated with hydrophobing 
agents such as organochlorosilane , organopolysiloxane, or 

10 hexamethyldi silazane prior to use but whilst such surface 
treated silicas "^give" good plastic adhesion they are 
expensive and cause negative rheological effects to 
resulting sealant compositions. Extcnd.ing fillers include 
ground calcium carbonate, magnesium carbonate, quartz, 

15 diatomaceous earth, barium sulphate, and calcium sulphate. 
It is also to be noted that ' some fillers such as 
precipitated calcium carbonate can be considered as semi- 
reinforcing in that they provide compositions with a degree 
oi rei nf orccment . 

20 [0005] Whilst many sealants containing extending fillers 

such as calcium carbonate are known to develop sufficient 
adhesion to the plastics discussed above, silica filled 
materials typically show poorer plastic adhesion properties. 
It is known to include adhesion promoters in sealant 

25 compositions using alkoxy silane cross-linkers, ior example, 
alkoxy-sil anes such as aminoalky.l alkoxy silane, 

epoxyalkylalkoxy silane, mercuptoal kylalkoxy silanc, or 
derivatives thereof, to ensure adhesion to plastics, 
particularly to PVC, PMMA and PC. However, we have found 

30 that usually with silica filled alkoxy compositions, the 
presence of such si lanes is not sufficient to provide 
reliable adhesion on plastics. Another group of compounds 
which have been used as adhesion promoters for some 


21-No\/-00 09 t 3eA Dow Coirn i ng PatLents 


- 3 


•H ^1. time are silicon containing isocyanurates as 

considerable time are „s^sn001 US3708467 and 

in tor example U53b3.7UUi, 
described i"*- ^ 

OS4100129. Typically these comprise:- 


25 


D O D 

\ A / 

N N 


Wherein one D substituent is -R^-Si- (R".) (OR-'.-x) ^ - whic^ 

0 is a divalent hydrocarbon radical selected Irom 

, ;,ikvlene cycloalkylene and halo 

alkylenearyiene, alkyiene, j 

.0 substituted derivatives thereof, R" an alley! or haloal.yl 
radical With up to 8 carbon atoms, x is fro. 0 to 3 and y xs 

1 The remaining D substiLuenLs being selected from -Ry- 
sl-(R".)(OR'Vx) described above, styryl. vinyl, allyl, 
chloroallyl or cyciohexenyl . 

15 [0006] US3517001 describes the preparation of a var^ety 
of Silicon containinq isocyanurates of the type indicated 
above and indicates their use as adhesion promoters w.th 
Silicone compositions. U53708467 and US4100129 both descra.be 
sealant compositions containing a 

20 polydiorganosiloxane. a =ilanc croa.-l ink) ng agent. a 
titanate catalyst and optionally Eill.rs such as silicas and 
,socyanarate adhesion promotsts. Pr.te.rod .sea for such 
composition. including being sealants and caulk, ng 


compounds . 

[0007] The preferred process for making such sealants xn 

the presence of an adhesion promoter is combining all the 

.1 -,«^^cse- 1 4 nke r . the titanate 

ingredients other than the silane cross linker, 

catalyst and the adhesion promoter to form a base blend, . 

removing moisture and adding the silane cross-linker. 


il-l I-uu UO .UU i^if mJT R"UU1 JUU TT- 

« f 
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tiitaiiate catalyst and adhesion promoter just prior to 
packaging the resulting composition. US4102852 describes a 
one component sell extinguishing cured silicone composition 
using dimethyl and phenyl-methyl hydroxy polysiloxane 
polymers nn combination with a selection of reinforcing and 
extending fillers as well £as carbon black. The catalyst is a 
dialkoxy chelated titanium and an adhesion promoter, 
preferably 1,3. 5-tris ( trimethoxysilylpropyl ) isocyanuratc, 
may be used- The composition is prepared by mixing all the 
ingredients in any order desired, however a preferred 
process consists of adding the carbon black and then the 
other fillers into the polymer, then the cross-linker and 
finally the titanate catalyst ^^and/or any additional 
optional additives are mixed into the composition". It is 
15 indicated that a drying cycle must occur prior to the 
addition of the cross-linker and catalyst* In the examples, 
the adhesion promoter is added via a premix made of the 
catalyst, cross-linker and adhesion promoter so that all the 
si]anes and the titanate catalyst are added in 1 step at the 
20 end of the manufacturing process. 

[0008] The above process may be appropriate in certain 

circumstances but it is often found that such a method can 
lead to a poor sealant rheology and slvimping particularly if 
the catalyst and cross-linker are added into the reaction 
25 mixture after the addition of the filler. 

[0009] The inventors have identified an improved process 
for the preparation of an organopol ysiloxane composition 
suitable for use as a sealant which provides a resulting 
sealant with significantly improved adhesive properties. 
[0010] According to a first aspect of the invention, 
there is provided a process for making an organopolysiloxane 
composition comprising mixing the following components 
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i) 


a polymer having not less than two groups bonded 
to silicon which are hydroxyl or hydroly^sable 
groups or a partial condensate thereof, 
Hi) a surface active filler selected from silica, 
titania, zinc oxide, clay, mica and precipitated 
calcium carbonate 

iii) an organosilane comprising at least two silicon 
bonded reactive groups which are reactable with 
said surface active filler 

iv) a catalyst and 

V) an adhesion promoter having at least one 
hydrolysable group, having the formula 

(R"0) (3-g) (R")qSi-Q 

wherein R" is as defined above, Q is a saturated, 
unsaturated or aromatic hydrocarbon radical 
functionalised by a group selected from amino, 
mercapto, ether, cpoxy, isocyanato, cyano, 
isocyanurate acryloxy and acyloxy and mixtures 
thereof and is 0 to 3 


characterised in that organosilane (iii) is mixed with 
surface active filler (ii) to form an in-situ modxlxed 
surface active filler prior to the introduction of the 
adhesion promoter. 

[0011] It is to be understood that the concept 

"comprising" where used herein is used in its widest sense 
to mean and to encompass the notions ol "include", 
30 ''comprehend" and ''consist of". 

[0012] The polymer is according to the general formula W- 
B-W where B may be any desired organic or siloxanc molecular 
chain lor example a polyoxyalkylene chain, a polyisobutylenc 
chain or more preferably a polydiorganosi loxane chain and 
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thus preferably includes siloxane units of the formula 
R^sSiO(4-s)/2 in which represents an alkyl group, having 

from 1 to 6 carbon atoms, for example a methyl group, a 
vinyl group having from 1 Lo 6 carbon atoms a phenyl group, 
S or a halo- substituted alkyl group, preferred halogen 
substituents being chlorine or fluorine and s has a value of 
0, 1 or 2. Preferred materials are linear materials i.e. s 
- 2 for all units, thereby having polydiorganosi loxane 
Chains according to the general formula - (R^^**^^^^ which 

10 each represents a methyl group or ethyl group and L has a 
value from about 200 to about 1500. Suitable matcr.ials have 
viscosities of the order of about 500 mPa - s to about 200,000 
mPa.s. The groups W of the polymeric material comprise at 
least partially of hydroxyi or hydrolysable groups selected, 

15 for example, from -Si(R2),. (OH) 3-c / "SiR^d (Or") 3-^ and - 
Si (r'') ^-R^^-SiR^/^COR^) 3^;c where R^ is as aforesaid, and is 
preferably methyl or ethyl but most preferably methyl, R is 
a divalent hydrocarbon group which may be interrupted by one 
or more siloxane spacers having up to six silicon atoms, 

20 each R^ is an alkyl or oxyalkyl group in whjch the alkyl 
groups have up to 6 carbon atoms, each R is an alkyl group 
having up to 6 carbon atoms; each of c, d and k have the 
value 0, 1 or 2. Preferably, R^ is either a methylene or 
ethylene group^ each R^ and R^ is independently a methyl or 

25 ethyl group, c is equal to 2 and d and k are equa.l to 0 or 
!• Most preferably r"* is an ethylene group, k is 0 and R is 
an ethyl group. Other end groups which may optionally be 
present in addition to the hydroxyi or hydrolysable grovips 
have the formula -Si(R^)3 wherein each R is as previouisly 

30 described but is preferably a methyl group. Most preferred 
is a polydialkylsiloxane terminated with groups of the 
formula -Si (CH.p (R^ ^-^-^ ^^^''^i where R^* is a methylene or 
ethylene group. 
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[0013] The surface active filler (ii) is a reinforcing 

or scmi-reinf orcinq filler and must be of a type which will 
be modified by the reaction with organosiiane (iii). 
Preferably the surface active filler comprises a ijilica such 
5 as high surface area fumed silica, calcined silica and 
precipitated silica. One or more other finely divided, 
extending fillers such as crushed quartz, diatomaceous 
earths, barium sulphate, iron oxide, and Ccirbon black: may 
also be present in the composition. The proportion of such 

10 fillers employed will depend on the properties desired in 
the elastomer-forming composition and the cured elastomer. 
Usually the filler content of the composition will reside 
within the range from about 5 to about 150 parts by weiqht 
per 100 parts by weight of the polymeric material - 

15 [0014] Organosiiane (iii) is preferably present as a 

cross-linker. Organosiiane cross-linkers are preferably 
selected from a silane having alkoxy, acetoxy, oximo, 
alkcnyloxy or amino subst i tuents . Most preferably the cross- 
linker is an alkoxysilane of the general formula 

20 R^^-^Si (OR^) wherein r"^ and R^ are as aforesaid and n has a 
value of 2, 3 or 4 . Preferred organos llanes are those 

2 

wherein R represents an alkyl group having 1 Lo 6 carbon 
atoms for example methyl, ethyl, isopropyl or isobutyl or an 
alkenyl group such as vinyl, R^ represents methyl or eLhyl 

25 and n is 3. Examples ol operative organosilanes are methyl 
trimethoxy silane, vinyl trimethoxy silane, methyl triethoxy 
silane, and vinyl triethoxy silane, isopropyl trimethoxy 
silane, propyl trimethoxy silane, phenyltr imethoxysilane, 
tetraethoxysilane and isobutyl trimethoxy silane. A 

30 sufficient amount of this organosiiane cross-1 Inker is 
employed to ensure adequate stability of the composition 
during storage and adequate cross- linking of the composition 
when exposed to atmospheric moisture, however in the present 
application it is to be understood that a sufficient amount 
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10 


of cross-linker must be present in order to form an in-situ 
modified filler. 

(00151 The catalyst may be any suitable catalyst which 
accelerates the reaction process suitable catalyst-s are 
organic salts of metals such as titanium and zirconium tetra 
isopropyl titanate and tetra n butyl titanate and tetra 
tprtiary butyl titanate. If a more rapid cure is desired, a 
chelate, for example a I Idiketone or Dketo-ester , may be 
added Lo the mixture. Those Gdiketone or I IkeLo-estcr 
materials conventionally used as accelerators for titanium 
catalysts may be employed, for example ethyl aceto acetate 
and methyl aceto acetate. Alternatively the catalyst may 
comprise a mixture and/or reaction product of a compound (i) 
selected from MLOr"], and MCOR'ljbfZJz 
15 wherein M represents titanium or zirconium, each R and R' 
is the same or different and is a primary, secondary or 
tertiary aliphatic hydrocarbon, and Z in a group of the 
formula -O-E-0- wherein E is an alkylene group comprising 1 
to 6 carbon atoms or a branched alkylene radical comprising 
1 to 6 carbon atoms and z is 0 or 2 in which case when b is 
0, z is 2 and when Jb is 2, z is 1; and a compound ii) of the 
general formula 


20 


25 


O 


A- C-R' - C-B 


wherein is selected from a methylene group or 

substituted methylene radical having 1 to 6 carbon atoms. 


A is selected from - (CX,,) _j_C (R ) wherein r is from 0 to 5, 
30 and an adamantyl group or a derivative thereof; 
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B is selected from the qroup o£ - (CX,) „,C ( ) 3 wherein m is 
from 0 to 5; 

a monovalent aikyl group havinq from 1 to 6 carbon atoms 
5 and; or", wherein r" is selected from the group of 

-(CX2)mC(R'^)3 a monovalent alkyl qroup having from 1 to 

6 carbon atoms; 

wherein each X is the same or different and is selected from 
10 the group of a halogen radical and hydrogen, each r7 is the 
same or different and is selected from the groiip of 
halogen radical and an alkyl radical having one to eight 
carbon atoms, and when r is greater than 0 at least one oi X 
or r7 a halogen radical as described in British patent 

15 application No 0009684.2. 

[00161 A further list of catalysts which may be used, 
include for example metal salts ol carboxylic acids, such as 
lead octoate and dibutyltin dilauraLe, dibutyltin diacetate, 
stannous octoate and chelated tin catalysts such as di(n- 
20 butyl) tin bis (ethylacetoacetate) and di{n-butyl) tin 
bis(acetylacetonate) . It is to be noted that these latter 
catalysts may alternatively be used as co-catalysts in 
combination with the titanate catalysts discussed above. 
[0017] Preferred adhesion promoters include: - 

25 


a 


D O D 

\ A / 

N N 


D 
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wherein one D substituent is -Ry-Si^ (R"x) (OR^.,) , i" which 
R is a divalent hydrocarbon radical selected from 
alkylenearylene, alkylene, cycloalkylene and halo 
substituted derivatives thereoi:, H" i3 an alkyl or haloalkyl 
5 radical with up to B carbon atoms, x is from 0 to 2 and y is 
0 or 1, the remaininq D substi tuents being selected from 
. R„-Si-(B"x) (OR",-x) described above with the exception 

that X may be 0 to 3 or, styryl, vinyl, al lyl, chloroallyl 
and cyclohexcnyl, groups. Most preferably the adhesion 
10 promoter is a 1, 3, b-tris ( trimethoxysilylpropyl) isocyamaratc 
10018] Other preferred adhesion promoters include 
aminoalkylalkoxy silanes, cpoxyalkylalkoxy silanes, for 
example, 3-glycidoxypropyltrimethoxysiiane and 

mercaptoalkylalkoxy silanes. Further preferred adhesion 
15 promoters are reaction products of epoxyalky 1 alkoxy stlancs 
such as 3-g]Ycidoxypropyltrimethoxysilane with amino- 
substituted aikoxysilanes such as 3- 

aminopropyltrimethoxysi lane and optionally alkylalkoxy 
silanes such as methyltrimethoxysi lane . The adhesion 
20 promoter used may alternatively be a mixture of any two or 
more any of the adhesion promoters listed above. 
[0019] It will be noted that the adhesion promoters as 

disclosed above arc of a reactive form in that given the 
opportunity they would normally interact with the surface 
25 active tiller. The inventors believe that in previous 
processes when the adhesion promoter of this type was 
introduced prior to or concurrent with filler there would be 
an interaction during the mixing process between the 
adhesion promoter and the filler surface resulting in the 
30 -trapping" of a significant proportion of the adhesion 
promoter resulting in a .significant reduction in the 
effectiveness of the adhesive properties of the resulting 
composition and by preventing this interaction from 
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occurring a co,npo=itio„ «ith significantly Improved aUhesivc 
properties results. 

ro020] Another conventional ingredient whxch can 

^ • ^i.ci-iciser Plasticisers are introdticed m 

employed is a plastxciser. fj. ^ , ^ =. 

. _i 1.,^ /-.f^ 1-he cured elastomer, a 
6 order to reduce the modulus of the 

.ypical example of a plasticisers for thi. type of 
composition is a polydimethylsiloxane having terminal 
triorqanoslDoxy groups wherein the organic subst.tuents arc 
e.g. methyl, vinyl or phenyl or combinations of these 
10 groups. Such polydimethylsiloxanes normally have a 

viscosity of from about 5 to about 100,000 mPa.s at 25- and 
can be employed in amounts up to about 80 parts per 100 
parts by weight of the polymeric material. 

£0021] Other additional ingredients may include pigments, 
15 water scavengers, which are typically the same compounds as 
tho.e used as cross-1 inKers or silazane. and rhcological 
additives ior improving toolability of the composxt.on. 
Examples include silicone organic co-polymers such as those 
described in EP0802233. 
20 [0022] in a preferred composition there is present 3b to 

90% by weight, and more preferably 45 to 55. by weight of 
polymer, 0 to 40% by weight and more preferably 30 to 40. by 
weight Of a plasticiser, 0.5 to 5 % by weight and mora 
preferably 1.5 to 3% by weight of catalyst, 0.5 to 5. by 

1 S to 3% by weight of cross- 
25 weight and more preferably 1.5 to J« y 

linker, 6 to 20% by weight and more preferably fl to 15. by 
weight of surface active filler, 0 to 5 . by weight and more 
preferably 1.5 to 2.5 % by weight of a rheological additive 
0 2 to 6* by weight and more preferably 0-8 to 3". by weight 
30 of one or more adhesion promoters and 0 to 3 % by weight and 
preferably 0.8 to 1.5% by weight of a lungicido. 
100231 AS described above it is an essential step of the 
present invention to ensure that the mixture containing both 
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the organosilane cross-linker and filler is mixed for a 
period of Lime sufficient to enable the filler surface to be 
modified by the cross-linker. It is to be noted that other 
optional ingredients such as a water scavenger may also take 
5 part in this filler surface modification process when 
present in the composition. It is thought that the 
resulting production of an in-situ treated surface active 
filler enhances the adhesive effect of a subsequently 
introduced adhesion promoter as the adhesion promoter is 
10 substantially prevented from interaction with surface active 
filler. 

[0024] Preferably the organosilane (iii) in the form of a 

cross-linker, catalyst (iv) and polymer (i) are mixed 
together prior to adding the filler- This premixing stage 

15 can take any form bvit it is particularly preferred to ensure 
that the catalyst- and organosilane cross-linker are 
introduced into the mixture prior to the filler because 
addition of these components subsequent to the filler has a 
tendency to lead to slump problems in the resulting 

2 0 composition. 

[0025] The organosilane cross-linker and catalyst are most 
preferably mixed together to form a premix prior to 
combination with the polymer and the polymer/premix mixture 
is thoroughly mixed prior to combination with the surface 

25 active filler. 

[0026] The adhesion promoter may, for example, be added on 
its own, or in combination with an amount of any of the 
other ingredients other than the filler. Hence, the adhesion 
30 promoter may be added in combination with a rheology 

modifier and/or a fungicide or may alternatively may be 
added in combination with a proportion of the polymer, 
plasticiser, when present and a catalyst or co-catalyst. 
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[0027] in a batch type operation in accordance with the 

present invention there is provided a process comprising the 
steps of 


a) 


loading polymer (i) , organosilane ( iii) ancJ 
catalyst (iv) into an appropriate mixer and mixing 
thoroughly to £orm a blend; 

10 b) adding the surface active filler (Si) into the 

blend ensuring that it is thoroughly dispersed 
for a predetermined period of time, such that 
after said predetermined time period the surface 
active filler (ii) contained in the mixture has 

3^5 been sufficiently modified by the 

organosilane (iii ) ; 

c) adding the or each adhesion promoter (v) and 
mixing until a final product is sufticiently 
2 0 homogeneous 


d) 


devolatilising resulting mixture of step (b) and 
or the final product of step (c) . 


25 [0028] IL is preferred that a plasLiciser, particularly a 

polydimethylsiloxane having terminal trimethylsil oxy groups 
and a viscosity of about 100 mPa-s at 25''S is introduced 
into the mixture concurrent with the polymer. Preferably the 
organosilane cross-linker and catalyst, optionally in 

30 combination with a water scavenger, are premixed prior to 
mixing with the polymer and optional piasticisers . In a 
preferred process a rheoJogy modifier and/or fungicide may 
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be added into the composition at any stage of the mixing 
process . 

[0029] Any appropriate continuous reactor suitable making 
compositions of the type described in the present invention 
5 may be utilised, providing the equipment enables the 
addition of an adhesion promoter subsequent to the cross 
J inker-surface active iillcr interaction. 

[00301 Examples of continuous systems for the present 

invention include the continuous reactor described in 

10 EP0bl2730 which comprises a screw extruder having two mixing 
zones interlinked by an external residence zone. In a 
process in accordance with the present invention there is 
provided a continuous process uti] ising a screw extruder 
having two mixing zones interlinked by an external residence 

15 zone comprising the steps 

I. mixing polymer (i), catalyst (iv) , organosilane 
(ill) in the iirst mixing zone prior to the 
introduction of surface active filler (ii) , 

II. introducing surface active filler (ii) into the 
20 mixture resulting from step (I) in the first 

mixing zone and mixing until thoroughly dispersed, 
prior to entry onto the external residence zone 
such that the period ot time in the external 
residence zone is utilised for the modification of 
25 the surface active filler and 

IX li. introducing one or more adhesion promoters (v) 
into the second mixing zone. 

[0031] It is preferred that optional additives such as 
30 plasticisers and/or water scavengers are , when required, 
introduced in to the first mixing zone and are mixed prior 
to the introduction of surface active filler. The surface 
active filler is introduced into the first mixing zone such 
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that it is thoroughly dispersed into the mixture prior to 
reaching the external residence zone, such that the period 
of time in the residence zone is utilised for the 
THodification of the surface active filler. By-products such 
5 as water are extracted in the second mixing zone. In such a 
system an input port may be introduced in the second mixing 
zone at an appropriate position such that the adhesion 
promoter can be introduced into the system at a point where 
it is homogenously mixed into the composition prior to 
10 packaging or alternatively an additional addition and mixing 
stage may be introduced after the second mixing zone tor the 
introduction of the adhesion promoter. 

[0O32] A further alternative continuous process may 
utilise a continuous mixer of the type described in 
15 £^0739652 in this instance the process comprises supplying 

i. a premix of polymer (i), organosilane (lii) and 
catalyst (iv) and 

ii. a surface active filler (ii) 

to a continuous mixing apparatus comprising a cylindrical 
20 body casing having a material feed opening at the top of 
said casing, a mixture discharge outlet at the bottom ol 
said casing, a rotating disk within the casing, where Lhe 
ratio of the diameter of the rotating disk (11) to the 
inside diameter of said casing is 0.80 to 0.9b; an upper 
25 mixing compartment above said rotating disk and a lower 
mixing compartment below said rotating disk. The process 
comprises mixing said premix (i) with said surface active 
filler (II) in said upper mixing compartment by rotation of 
said disk to form a mixture, transferring said mixture into 
30 said lower mixing compartment and then adding one or more 
adhesion promoters prior to, subsequent to or concurrent 
with discharging said mixture through said discharge outlet. 
[0033] Preferably subsequent Lo discharging the mixture, 

the mixture is de-aired in a de-airer and the adhesion 
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promoter (v) is introduced into the resulting mixture during 
passage of the mixture through the de-airer. 


for example a sealant, from any of the above processes in 
5 accordance with the invention provides significantly 
improved adhesion between sealant: and a substrate such as 
glass or a window frame because substantially more of the 
adhesion promoter is available to react both within the 
product matrix and at the sealant/substrate interface 

10 because there will be little or no interaction between the 
filler particles and the adhesion promoter because of the 
filler modification step in the process. Previous 
compositions not utilizing the process described herein 
resulted in final products containing a significant amount 

15 of the adhesion promoter which had interacted with the 
iiller. The efficiency oi the adhesion promoters in sealants 
prepared in accordance with the method of the present 
invention is significantly improved compared with the prior 
art - 

20 [0035] The resulting product is may be used as a sealant 
for glass, plastic, metals^ wood, painted wood and the like. 

[0036] A detailed description of one continuous process 

together with several examples ol the invention are provided 
25 in the examples hereafter. 

[0037] The Invention will now be described by way of 

example and with relerence to the accompanying drawings in 
which 

Fig-1 is a plan view of a mixing apparatus utilised in the 
30 following examples 

Fig. 2 is a schematic drawing of the continuous mixing 
process utilised in the following examples to exemplify the 
process in accordance with the present Invention. 


[0034] 


Tt is to be understood that the resulting product. 


Nov-OO OSr^lA Dow Cor-r»ing Pstents 44 01A46 



17 


10 


20 


25 


30 


[0038] in Figure 1 there is provided a continuous mixer 

(FUNKEN POWTECHS, INC - Japan) (100) havinq a mixer body 
(20) and a material feed section (30) for the mixer. A 
cylindrical body casing (1) forms the outer shell of mixer 
body (20), and a feed opening (2) receives a feed mixture 
that is provided at the centre of the upper plate (la) of 
body casing (1). The lower part of the body casing forms an 
inclined surface (lb) having the shape of an inverted cone, 
and discharqe outlet (3) is installed in said inclined 
surface (lb). A conical element (15) is provided at the 
centre of the casing bottom so as to form an annular V- 
shaped bottom with inclined surface (lb) - 

[0039] A cylindrical feed section casing (4) forms the 
outer shell of material feed section (30). Inlet (5) is 
15 connected at the side of feed section casing (4), and 
reservoir (6) is formed within feed section casing (4). An 
overflow tube (7) having the shape of an inverted cone is 
connected on the top of feed opening (2) on mixer body (20). 
This overflow tube (7) ascends substantially vertically and 
forms the inner wall of reservoir (6) . The lower end of 
feed conduit (8) faces the inlet to overflow tube (7) . 
[0040] In the case of the present invention an 
organosilane cross-linker/catalyst/polymer mixture (SCP 
mixture) and optionally a plasticiser is fed into the 
material feed section (30) through inlet (5) while the 
surface active filler is introduced from feed conduit (8) - 
The SCP mixture supplied by inlet (b) is first stored in 
reservoir (6), and then flows down the inner wall of 
overflow tube (7) from the top edge thereof. At this point, 
the surface active filler supplied through feed conduit (8) 
is mixed into said SCP mixture and the resulting surface 
active filler/SCP mixture descends into feed opening (2) . 
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[0041] A rotating disk {11) is installed horizontally 
within the body casing (1) of mixer body (20) to face feed 
opening (2). This rotating disk (11) divides the casing 
jnterior into an upper mixing compartment (10), where a 
5 first-stage mixing operation is implemented, and a lower 
mixing compartment (12). where a second-stage mixing 
operation is implemented. The centre of rotation of this 
rotating disk (11) is fixed on the upper end of a rotating 
axle (16). Said rotating axle (16) is supported by a 
10 bearjng element (T6a) and extends to the exterior of casing 

(I) . A pulley (17) is fixed at the bottom end of rotating 
axle (16), and the power for rotation is provided by an 
electric motor (not shown) . The preferred range for 
rotation is Irom 400 to 3,000 rpm. An additive inlet (9) is 

15 provided in upper plate (la), and additive inlet (9) opens 
into the upper mixing compartment (10) so that additives may 
be introduced into continuous mixer (100) concurrent with 
the addition of the filler/SCP mixture. The upper surface, 
outside edge, and lower surface of rotating disk (11) each 

20 carry two or more scrapers (13a), (13b) and (13c). Usually 
three of each type of scraper (13a), (13b) and (13c) are 
used but scrapers (13b) on the outer edge of rotating disk 

(II) may be omitted. Typically the mixture is mixed by a 
combination of the stirring action of rotating disk, or the 

25 Stirring and scraping actions of these scrapers. Mixing 
proceeds as follows: the scrapers (13a) in the upper mixing 
compartment (10) scrape off the mixture adhering to the 
upper plate (la); the scrapers (3 3b) scrape off the mixture 
adhering on the inner wall of the casing at the boundary 

30 between the upper mixing compartment (10) and the lower 
mixing compartment (12); and the scrapers (13c) in the lower 
mixing compartment (12) scrape off the mixture adhering on 
the inclined surface (lb) of the casing bottom. 
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[00421 The ratio of the diameter of the rotating disk 
(11) to the inside diameter of the cylindrical body casing 
(1) is particularly Important to the qxiality of the 
dispersion of component (B) , and values from 0.8 to 0-95, 
preferably from 0.85 to 0.9 are required herein. A ratio of 
less than 0.8 will produce deficient dispersion due to a 
-short pass" by the mixture and a ratio above 0.95 does 
produce dispersion, but does not permit transfer of the 
mixture into the lower mixing compartment (1?) . 
[0043] The upper surface of rotating disk (11) may also 
comprise a large number of vertical mixing pins (14). which 
to further promote homogeneity. A conforming jacket, may be 
provided for purposes of temperature control over the outer 
surface of the cylindrical body casing (1) oi the mixer body 
15 (20). 

[0044] In the above apparatus, the surface active filler/ 
SCI? mixture entering the upper mixing compartment (10) from 
the feed opening (2) is subjected, while being radially 
transported outward on the rotating disk (11), to the first- 
20 stage mixing process based on stirring and scraping by the 
scrapers (13a) and mixing pins (14). The surface active 
filler/.sCP mixture that has been mixed in the first-sLaqe 
mixing process is then subjected to the second-stage mixing 
process based on shear between the circumference of the 
25 rotating disk (11) and the interior wall of the cylindrical 
body casing (1) combined with stirring and scraping by the 
scrapers (13b) . The mixture that has been transported to 
the lower mixing compartment (12) then descends onto the 
inclined surface (lb) and is sheared while being scraped by 
the ends of the scrapers (13c). The resulting additional 
dispersion of surface active filler induces a further 
lowering of the viscosity of the mixture. The mixture is 
then discharged through the discharge outlet C^)- 
Considerations of the quality of the dispersion make it 


30 
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preferable for the f iller/SCP/additivc mixture in the lower 
mixing compartment (12) to reach a temperature from 120 to 
ISO-C. Referring now to Fig 2 which provides a schematic 
view of a system for preparing organopolysiloxane 
compositions as described in the present invention. In 
figure 2 there are provided four main components, a mixer 
(101), continuous mixer (100), twin-screw de-aircr (102) and 
cooler (99). The polymer, optional plasticiser, and a premix 
of catalyst and cross-linker are introduced into mixer (101) 
by way ot supply lines 98, 97 and 96 respectively and are 
mixed together in mixer (101), before being led to inlet 5 
of continuous mixer (100). Surface active filler is 
introduced into mixer (100) through conduit (8). Prior to 
the present invention the adhesion promoter, for example, 
the reaction product of an aminoalkylalkoxysilanc with an 
epoxyalkylalkoxysilane and optionally an alkylalkoxysilane 
and where required a silicone-glycol rhcological additive 
were added into continuous mixer (100) by way of inlet 9, 
such that surface active filler, SCP mixture and adhesion 
20 promoter were introduced Into the mixer at substantially the 
same time. These ingredients are mixed together due to the 
high rotation speed of the disk and the presence of mixing 
cams on it. The highest mixing shear is believed to occur 
between the mixer wall and the disk edge. The resulting 
mixture was continuously discharged from outlet (3) oi the 
continuous mixer (100) and was then supplied to the feed 
inlet (95) of a vented twin-screw extruder 102 (L/D - 10) 
(DongSeo Machinery CO., Ltd -Korea) which is used as a de- 
airer. The water, volatiles, and air present in the mixture 
were continuously removed by the imposition of a vacuum 
within the vented twin-screw extruder through the vacuum 
vent opening (94). In addition an additive port (108) was 
provided for the introduction of a fungicide. The final 
product ejected from twin-screw de-airer (102), was 


25 


30 
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continuously discharged and transferred to a cooler (99) and 
was subsequently packaged in appropriate storage vessels. 
[0045] In the present invention the addition of the 

adhesion promoter was not added at inlet (9) but was 
5 introduced into the lower region of continuous mixer (100) 
at an inlet port (110) as seen on Figure 2 or alternatively 
in combination with fungicide at inlet 108 in twin screw de- 
airer (102), the latter being preferred- The rheological 
additive is preferably still added through port (9) but may 

10 be added in combination with the adhesion promoter at inlet 
port (110) or inlet (108). Furthermore whilst inlet (108) is 
positioned prior to vacuum vent (94) in Figure 2 it is to be 
appreciated that the adhesion promoter may be introduced 
either prior to or after vent (94) in twin-screw de-airer 

15 (102) - However it is to be understood that the following 
results indicate that the later the adhesion promoter is 
added the better the results providing appropriate mixing of 
the adhesion promoter is completed because the reaction 
between surface active filler and cross-linker has been 

20 given a greater length of time prior to the introduction of 
the adhesion promoter. The following examples further 
support this invention. 


25 


30 


Example 1 

[0046] This example was used to compare the adhesive 
characteristics of sealant compositions made on the 
continuous mixer (100) with adhesion promoter added from a 
variety of different inlets. Table 1 indicates the 
compositions used measured in parts by weight. The polymer 
was an ethyltriethoxysil yl terminated polydimethylsiloxane 
with a viscosity of 60000 mPa . s at 25^'' (pel), the 
plasticiser was t rimethylsi 1 yl terminated 

polydimethylsiloxane with a viscosity of 100 mPa^s at 2 5^^* 


OO 09i43/\ Oow Coi^riing Patents 


44 01446 749672 


- 22 


(plas). The catalyst used was a t.tra tertiary butyl 
titanate (TtBT) , the organosilane cross-linker was 
isobutyltrimethoxysilane (iBTMS) , the surface active fxlier 
was CAB-O-SIL LM150 undensified fumed silica obtained from 
Cabot, the rheological additive was a silicone-glycol 
indicated in Table 1 as RAl the adhesion co-promoter API was 
the reaction product of a y-aminopropyltriethoxysilane, y- 
glycidoxypropyltrimethoxysilane and methyltrimethoxysilane, 
the adhesion promoter AP 2 was a 1,3,5- 
tris{trimethyloxysilylpropyl)-isocyanurate, Yl3?i97 obtained 
from Witco and the fungicide was vinyzenc BP 5-5 PG 1000 


- 23 - 

Table 1 Formulations details. 
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Run 


pol 


CI 
C2 
C3" 


bO 


50 


bO 
50" 


50 


50 


Plas 
3475" 


rtBT 


34.5 


2.2 
2. "2" 


34.5 

34 75" 


34.5 


34.5 


34.5 


iBTMS 


2.2 


2.2 


2.2 


2.2 


2.2 

2^2" 
27T 


LM-150 


12.0 


2.2 


2.2 


2.2 


2.2 


2.2 


RAl 


2.00 


12.0 


12.0 
12 .0" 


12.0 


12.0 


12.0 


0.0 


2.00 


0.8 


2.00 


2.00 


2.00 


2.00 


2.00 


API 


AP2 


0.0 


0.8 


0.8 


0.8 


0.8 


0.8 


Vinyzene 


0.3 


0.0 


0.4 
0 . 4 ■ 


0.4 


0.4 


0.4 


0.3 

o. 3" 


0.3 


0.3 


0.3 


0.3 


[0047] Run CI, C2 and C3 are all comparative run.«3 wherein 
in CI no adhesion promoters were used in the composition, in 
5 C2 only adhesion promoter API was added throuqh inlet 9 and 
in C3 a mixture of AP2 and API was added through inlet 9 and 
hence concurrent with the other ingredients. Runs 4,5,6 and 
7 are exemplary of the invention in that in run 4 AP 1 and 
AP2 were both introduced into continuous mixer (100) through 

10 inlet (110) in run 5 the API and AP2 were introduced into 
the reaction mixture in combination with fungicide at inlet 
(108) on twin screw de-aircr (102). Run 6 used API 
introduced at inlet 9 and AP2 was added after de-airing by 
mixing in a Drais mixer and run 7 had both API and ap2 added 

15 in a Drais mixer subsequent to the mixing process described 
above. Adhesion tests were undertaken using the products 
obtained by the above processes. Adhesion was measured on a 
variety of substrate samples treated with the compositions 
and cured for 1 week at room temperature (dry cure) or for 

20 1 week at room temperature and one week of water immersion 
dry/wet cure). Prior to application the substrates were 
cleaned with an isopropanol/acetone mixture. Adhesion was 
assessed using the bead test (CTM 1007) whereby subsequent 
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to curing the beads were pulled at 90^ and the £ailure was 
rated as follows: 

0: adhesive failure - poor adhesion) 

1: boundary or mixed mode (adhesive/cohesive) failure 
5 acceptable adhesion. 

2: cohesive failure - excellent adhesion 
[0048] The plastics adhesion data presented in table 2 
are the average results for dry wet curing obtained on 
different substrates^ namely: A polymethylmethacrylate 
10 (PMMA) samples (obtained from ROHM&HAAS, ICI and ATOCHEM) ; 
10 unplasticised polyvinyl chloride samples (obtained from 
KOMMFRLING, REHAU, SALAMANDKR^ VKKA, LG, KCC^ SOLVIN and^ 
ALUPLAST) ; 7 polyester coated aluminium (PCA) samples 
(obtained from DUPONl\ AKZO-NOBEL) and 2 polyvinylidene 
15 fluoride coated aluminum samples. 

Table 2 Plastics adhesion data 


Dry/Wet average on several substrates) 


Run 

PMMA 

UPVC 

PCA 

PVF2 


4 dry/wet 

10 dry/wet 

7 dry/wet 

2 dry/wet 

c:l 

0.0 

0.0 

0.1 

0.0 

C2 

1.3 

0.1 

0.3 

0.0 

C3" 

1 . A 

0.3 

0.6 

0.0 

4 

1.6 

0.5 

0.6 

0.0 

5 

1.4 

1.7 

1.1 

0.3 

6 

1 . 3 

0.8 

0.7 

0.0 

7 

1.1 

1.3 

0.9 

0.3 


[0049] As expected, the Run Cl shows very poor plastics 

20 adhesion due to the absence of any specific silane adhesion 
promoter- PMMA adhesion develops to a satisfactory and quite 
constant level as soon as API is added and is not 
significantly effected by the presence of AP2 , However 
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adhesion t:o the other substrates is enhanced by the presence 
of AP2 and the best results are obtained when API and AP2 
are introduced into the mixture in de-airer (102). 

5 Example 2 

[0050] Additional adhesion trials were carried out on 
samples prepared by way of Runs 5 and 6 described above, on 
various uPVCs from KOMMERLlNIG, REHAU (2 types), SALAMANDER, 

10 VERA (3 types), LG, KCC, SOLVIN, ALUPLAST, BASF, VTNIDUR (2 
types) showing perfect dry adhesion. After water immersion, 
100% cohesive failure was achieved with the samples from 
KOMMERLING, REHAU, VEKA, LG, KCC, SOLVIN, ALUPLAST, The 
adhesion performance was superior to Durasil® Wlb*2000, a 

15 commercially available sealant (Dow Corning) , particularly 
after water immersion. Run 5a used a white sealant which 
was identical with the composition made lor run 5 but which 
had a titanium dioxide pigment paste added when the 
resulting product was being packaged into cartridges. 

20 

Table 3 uPVC adhesion data: dry/wet average: FJM#C" . 


uPVC window frame 


Rian 

colour 

Average ALL 

RT H20 

W15-2000 

clear 

1.6 

1.0 

Run 6 

'clear 

1.7 

1 . 2 

Run 5 

clear 

1.7 

1.4 

Run 5a 

whi te 

1.7 

1 . 2 
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CLAIMS 


i) 


ii) 


process for -aa.ing an «,anopolys.lox.n. composition 
comprising mixing the Jollowing components 

a poly-er having not lass than two groups bonded 
,o Silicon Which arc hydroxy! or hydrol ysabie 
groups or a partial condensate thereof, 
a surface active filler selected from sri.ca 
titania. zinc oxide, clay, mica and precipitated 

calcium carbonat-G 

an orqanosilano comprising at least two sxlxcon 
bonded reactive groups which are reactable w.th 
said surface active filler 
a catalyst and 

an adhesion promoter having at least one 
hydrolysable group, having the tormula 


iii) 


iv) 

V) 


(R"0(3„g) (R")qSi-Q 


Wherein R" is as defined above, Q is a saturated 
unsaturated or aromatic hydrocarbon radxcal 
functionalised by a group selected from amino, 
„.ercapto, ether, epoxy, isocyanato, cyano, 
isocyanurate acryloxy and acyloxy and mixtures 
thereof and ^ is 0 to 3, 

characterised in that organosiiane (Hi) --ed 
with surface active filler (ii) Lo form an in-s.tu 
n,odified surface active filler prior to the 
introduction of the adhesion promoter. 


2) 


A process in accordance with claim 1 
organosiiane (iii) is a cross-linker. 


wherein the 
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3) A process in accordance with claim 1 or 2 wherein the 
polymer is an organopolysi Icxane having 

polydiorganosiloxane chains according to the general 
formula - (R^SiO) t" in which each r' represents a methyl 
group or ethyl group and t has a value from about 200 to 
about 1500 said organopolysiloxane being terminated by 
at least one group selected from 
-SKr") c(OH)3-c > -SiR^d(0R'> 3-d and ^ 

-Si(R'),-H'-£iR';f(OR')3-;c ^^^-'^^ ^ divalent 

hydrocarbon group which may be interrupted by one or 
more siloxane spacers having up to six silicon atoms, R 
is an alkyl or oxyalkyl group in which the alkyl grovips 
have up to 6 carbon atoms, r"" is an alkyl group having 
up to 6 carbon atoms; each of c, d and k have the value 
0, 1 or 2. 

4) A process in accordance with any preceding claim wherein 
organosilane (iii) is an alkoxy silane selected from 
methyl trimethoxy silane, vinyl trimethoxy silane, 
methyl triethoxy silane, and vinyl triethoxy silane, 
isopropyl trimethoxy silane, propyl trimethoxy silane, 
phenyitrimethoxysilane, tetraethoxysilane and isobutyl 
trimethoxy silane. 

5) A process in accordance with any preceding claim wherein 
the adhesion promoter comprises at least one compound of 
the formula 


N N 


D 
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wherein one D substituent is -Ry-Si - (R"x) (OR" ^^x) r 
Which R is selected from alkylenearylene, alkylene, 
cycloalkylene and halo substituted derivatives thereof, 
R- is an alkyl or haloalkyl radical with up to 8 carbon 
atoms, X is from 0 to 2 and y is 0 or 1, the remaining D 
substituents being selected from -R^-Si- (R''^) (0R"3-.x) 
wherein x is 0 to 3 or, styryl, vinyl, ally.l , 
chloroallyl and cyclohexenyl, groups . 

6) A process in accordance with any one ol claims 1 to 4 
wherein the adhesion promoter comprises a 1,3,5-tris 
{trimethoxysi lylpropyl) isocyanurate and/or a compound 
selected from an aminoa Ikylal koxy silane, an 
epoxyal kylalkoxy silane, a mercaptoalkyla] koxy silane, 
or a reaction product of an epoxyalkylal koxy silarie with 
an ami no-substituted alkoxysilane and an 
alkylalkoxysilane . 

7) A process in accordance with any preceding claim wherein 
the organosilane (iii) , catalyst (iv) and polymer {i) 
are mixed together prior to adding the filler (ii) • 

8) A batch process in accordance with the process of any 
preceding claim comprising the steps of 

a) loading polymer (i) , organosilane (iii) and 
catalyst (iv) into an appropriate mixer and mixing 
thoroughly to form a blend; 

b) adding the surface active filler (ii) into the 
blend ensuring that it is thoroughly dispersed 
for a predetermined period of time, such that 
after said predetermined time period the surface 
active filler (ii) contained in the mixture has 
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sufficiently modified by the organosilanc 
(ii i) ; 

adding the or each adhesion promoter (v) and 
mixing until a final product is sufficiently 

homogeneous 

devolatilising resulting mixture of step (b) and 
or the final product of step (c) . 


9) A continuous process in accordance with the process ol 
any one of claims 1 to 7 utilising a screw extruder 
having two mixing zones interlinked by an external 
residence zone comprising the steps :- 

I. mixing polymer (i) . catalyst (iv), organosilane 
(iii) in the first mixing zone prior to the 
introduction of surface active filler (ii), 

II. introducing surface active filler (ii) into the 
mixture resulting from step (I) in the first 
mixing zone and mixing until thoroughly dispersed, 
prior to entry onto the external residence zone 
such that the period of time in the external 
residence zone is utilised for the modification of 
the surface active tiller and 

ITl. introducing one or more adhesion promoters (v) 
into the second mixing zone- 


10) A continuous process in accordance with any one of 
claims 1 to 7 comprising supplying 

i. a premix of polymer [i) , organosilane (iii) and 
catalyst (iv) and 

ii a surface active filler (ii) 

to a continuous mixing apparatus comprising a 
cylindrical body casing {1,1a, lb) having a 
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material feed opening at the top of said casing 
(8,14,9)# a mixture discharge outlet (3) at l.he 
botton. of said casing (1.1a, lb), a rotating disk 

(11) within the casing (1,1a, lb), where the ratio 
of the diameter of the rotating disk (11) to the 
inside diameter of said casing is 0.80 to 0.95; 
and an upper mixing compartment (10) above said 
rotating disk (11) and a lower mixing compartment 

(12) below said rotating disk; and 

mixing said premix (I) with said surface active 
filler (II) in said upper mixing compartment (10) 
by rotation of said disk (11) to form a mixture, 
transferring said mixture into said lower mixing 
compartment (12) and 

then adding one or more adhesion promoters (v) 
prior to, subseguent to or .. concurrent with 
discharging said mixture through said discharge 
outlet (3) . 

11) A continuous process in accordance with claim 10 wherein 
subsequent to discharging the mixture, the mixture is 
de-aired in a de-airer (102) and the adhesion promoter 
(V) is introduced into the mixture during passage of the 
mixture through the dc-airer (102) . 

12) An organopolysi loxane composition obtainable from any 
process in accordance with claims 1 to 11. 

13. A sealant comprising the composition of claim 12. 

14. Use of a composition in accordance with claim 12 as a 
sealant . 
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